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SI'MMARf
Chapter 1 presents general information on tableting and is an introduction
to the other chapters.
Chapter 2 covers the mechanism of action of tablet disintegrants, in
particular modern super disintegrants. The results indicate that when the
tablets contain a slightly swelling but hydrophilic disintegrant, the
penetration of water into tablets is the controlling step in the process of
disintegration. Consequently tablet disintegration is strongly affected by
the presence of a hydttophobic lubricant. When the tablets contain strongly
swelling disintegrants, a chain reaction of disruption of the tablet
structure is the dominant factor in the process of disintegration, since the
disruption proceeds from the outside to the inside of the tablet. In this
case, the process of disintegration is hardly influenced by hydrophobic
lubricants.
In Chapter 3, the design of an improved method for the measurement of
liquid uptake by tablets or loose powders is presented. The apparatus
described enables easy, fast and reproducible measurement of both water
uptake and penetration rate into particulate systems. Water uptake profiles
o f  t ab le t s  compressed  fnom d i f f e ren t  f i l l e r -b inde rs  o r  f i l l e r -
binder / disintegrant mixtures , both unlubricated and lubricated , clearly show
the effect of the nature of the filler-binder, the presence of the lubricant
and the swelling capacity of the disintegrant on the disintegration
properties of the tablets. The results indicate, that this method can be
used for characterization of tablet excipients and may be helpful in
understanding the disintegration mechanism.
Chapter 4 describes the use of the improved method of measuning water
penetration for the investigation of the effect of variation in molecular
structure (degree of crosslinking and carboxymethylation) of 28
experimental sodium starch glycolates. The results presented show the
existence of a pronounced relation between molecular structure and purity
o f  t he  28  p roduc ts  and  the i r  su i t ab i l i t y  as  a  d i s i n teg ran t .
Carbox5rmethylation of potato starch resulted in an increased solubility
accompanied by increased values for swelling capacity and viscosity when
brought into contact with water. Crosslinking of the substituted products
resulted, however, in a decrease in solubility, swelling properties and
viscosity. The water uptake capacity of carboxlrmethylated starches was
strongly increased at low levels of crosslinking followed by a decrease at a
highen degree of crosslinking. Proper combination of carbox5nnethylation
and crosslinking of potato starch enabled the production of a sodium
starch glycolate with optimal disintegration properties, as was
demonstrated in two directly compressible tablet systems. Moreover,
purification of the sodium starch glycolates enhanced their disintegration
efficiency.
Although in most chapters of this thesis properties of tablets studied, were
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prepared by direct compression, an exception was made in Chapter 5. Here
the tablets were made by wet granulation with lactose as filler, gelatin as
binder, magnesium stearate as lubricant and a disintegrant. The properties
of the tablets could be markedly improved, when the disintegrant potato
starch (20%) was replaced by a much lower concentration (4eo) of an
inso lub le  super  d is in tegran t ,  such as  sod ium s tarch  g lyco la te  o r
crospovidone. The incorporation of a partially water soluble low substituted
sodium carboxymethylcellulose, which causes a viscous barrier in the
tablets when it comes in contact with water, was shown to be deleterious
for both tablet disintegration and drug release.
In contrast to potato starch, the position of the super disintegrants
(intragranular, extragranular or equally distributed) had hardly any effect
on the tablet properties. The improved properties of the tablets containing
insoluble super disintegrants, when compared to tablets with potato starch,
results from the use of a much lower concentration of disintegrant, but in
particular due to the difference of the effect of magnesium stearate on
the disintegration capacity of the slightly swelling potato starch ancl the
strongly swelling super disintegrants. The latter, even in the presence of
the liquid penetration inhibiting hydrophobic magnesium stearate, causes a
chain reaction of opening the tablet, starting at the outside and resulting
in fast disintegration.
In Chapter 6 the relation between the dissolution propertíes of different
types of crystalline lactose and the disintegration of tablets, containing
these lactoses, is described. Tablets, compressed from either a-lactose
monohydrate or crystallized B-lactose disintegrate very quickly in water, as
a result of rapid liquid uptake and fast loosening of the bonds. Tablets,
compressed from anhydrous a-lactose, when brought into contact with
water, did not disintegrate at all, but dissolved during the disintegration
test. The effect, which was shown to be caused by poor water Fenetration
into the tablets, was attributed to a combination of small pore diameters
and precipitat ion of the dissolved anhydrous cr- lactose as c-lactose
monohydrate in the pores of the tablets during the penetration process.
This precipitation is an effect of the lower initial solubiLity of a-lactose
monohydra te ,  compared to  tha t  o f  anhydrous  c - Iac tose .  The same
phenomenon could be seen for tablets containing roller-dried B-lactose
when they were compressed at high forces. In this case the poor
disintegration of the tablets is attributed to the combination of the
presence of about 20% anhydrous cr-lactose in roller-dried B-lactose and the
small pore diameters in the tablets.
In Chapter 7 the effects of both the presence of a Iubricant and the
addition of disintegrants on the crushing strength, disintegration time and
drug release of tablets compressed from the different types of crystalline
lactose were investigated. The addition of 0.5eo magnesium stearate to a-
lactose monohydrate, anhydrous a-lactose and rol ler-dried B-lactose,
respectively, reduced the crushing strength, disintegration velocity and
drug dissolution rate of tablets compressed from these excipients. The
decrease of the crushing strength was larger for tablets of o-lactose
monohydrate or anhydrous a-lactose than for tablets of roller-dried B-
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For a-lactose monohydrate tablets, which disintegrated quickly when
unlubricated, the addition of 0.59o magnesium stearate caused a significant
increase in disintegration time and a decrease in drug dissolution rate,
This effect could easily be counteracted, however, by the incorporation of
a highly swelling disintegrant which enhanced the water penetration into
the tablet.
For tablets compressed from anhydrous cr-lactose or roller-dried B-lactose,
the lubricant had a relatively small effect on disintegration time and drug
dissolution rate, because these tablets dissolved from the outside during
the disintegration test. For roller-dried B-lactose tablets, which contain
about 20% anhydrous c-lactose and for anhydrous o-lactose tablets,
compressed at a low load, the disintegration and drug dissolution rate
could be enhanced by the incorporation of a disintegrant such as
crospovidone, which enabled a rapid progress of the penetration front in
the tablets.
In Chapters 8, 9 and 10 the systematic optimization of tablet formulations
is described. A tablet formulation always consists of different ingredients:
i .e. act ive component, f i l ler-binders, disintegrants, lubricants etc..  In the
previous chapters several of these excipients were discussed.
The composition of pharmaceutical formulations is often approached by
trial and enor. This is a time consuming and unreliable method of finding
the best formulation. Optimization by means of an experimental design
might be helpful in shortening experimenting time. Such a design with the
concomitant mathematical models, reveals effects and interactions of the
variables. The independent variables are the different compositions of the
mixtures of the chosen ingredients (drug and excipients). The dependent
variables are the properties (responses) of the formulations. When all
responses of interest have been expressed in models that describe the
response as a function of the composition of the mixture, the models can
be combined graphically or mathematically to find the most optimum
composition satisfying all demands. An introduction to the use of mixture
designs has been given in Chapter 8 which consists of a theoretical part
supported by a practical example: optimizing a simple placebo formulation.
In Chapters 9 and 10 some basic formulations for direct compression were
studied according to this systematic approach. In Chapter g mixtures of a-
lactose monohydrate, roller-dried p-lactose and microcrystalline cellulose
were investigated. Three different disintegrants, sodium starch glycolate,
croscarmêllose sodium and crospovidone were tested at a level of 4%. The
effect of the disintegrants on the properties of the tablets, compressed
from the filler-binder mentioned, was evaluated by superimposing the
contour plots of the different tablet responses. It was found that all the
super disintegrants investiga.ted were effective in this combination of
f i l ler-binders. In order to evaluate drug dissolut ion rate an extra
experiment was performed, in which oxazepam was used as test drug, The
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results showed that a proper combination of excipients, based on the
applied optimization technique, resulted in tablets with a fast release of
oxazepam.
In Chapter 10 the properties of formulations based on lactoses are tested
in the same way. The lactoses used were: o-lactose monohydrate, roller-
dried B-lactose and spray-dried lactose. The three disintegrants used in
Chapter 9, were also tested in these formulations, As could be expected
from the results of Chapter ?, crospovidone was the most effective
disintegrant. Moreover the release of the test drug (hydrochtorothiazide)
from the crospovidone containing tablets was very fast for all the
different lactose combination.
The experimental design combined with the mathematically modelling of the
data is an aid to the formulator to get thorough knowledge of the
possibilities of a combination of certain excipients. When experiments are
designed in this way, a well validated product can be obtained.
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